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APOLLO MISSION C' ,  AL,TERNATE 1 PRELIMINARY ATTITUDE SEQUENCE 

VOLUME I1 - LUNAR ORBIT 
By Mission 3es ign  Section, TRW Systems Group 

SUMMARY 

A p re l imina ry  a t t i t u d e  sequence f o r  t h e  luna r  o r b i t  phase of t h e  C '  
Mission has  been p resen ted .  
v e h i c l e  launched December 2 1 ,  1968, on t h e  72-degree launch azimuth. 
t r a j e c t o r y  d a t a  were f u r n i s h e d  by the Mission Planning and Analysis  Divis ion.  
The r e s u l t s  of t h e  a n a l y s i s  were v e r i f i e d  u s i n g  t h e  Apollo Reference Mission 
Program and t h e  Apollo Mission A t t i t u d e  Requirements Program. 
r u l e s  and procedures  were ob ta ined  p r i m a r i l y  from a t t endance  and p a r t i c i p a t i o n  
i n  d a t a  p r i o r i t y  meet ings and l i a i s o n  w i t h  a p p r o p r i a t e  mis s ion  planning 
a c t i v i t i e s  a t  MSC. 
Apollo 8 f l i g h t  p l a n  except  f o r  two r e c e n t  changes concerning t h e  ECS r a d i a t o r  
c o n s t r a i n t  d e l e t i o n  and p r o v i s i o n  of a d d i t i o n a l  S-band communications p r i o r  
t o  t h e  c i r c u l a r i z a t i o n  burn which a re  inco rpora t ed  i n  t h i s  r e p o r t .  

The t r a j e c t o r y  used i n  t h e  a n a l y s i s  is  f o r  a 
The 

The mis s ion  

The a t t i t u d e  sequence is  compatable w i t h  t h e  p re l imina ry  

A d e t a i l e d  o r b i t - b y - o r b i t  d e s c r i p t i o n  of t h e  a t t i t u d e s  have been p r e -  
s e n t e d  a long  w i t h  suppor t ing  schematic diagrams. 
e d  t o  mis s ion  t i m e  has  been included f o r  convenience and t h e  a v a i l a b i l i t y  of S -  
band communications has  been descr ibed.  

An even t  t i m e l i n e ,  r e f e r e n c -  

INTRODUCTION 

This  r e p o r t  p r e s e n t s  a prel iminary C '  l una r  o r b i t  a t t i t u d e  sequence. 
The a t t i t u d e  sequence i s  f o r  a December 21, 1968, launch d a t e  w i t h  a 72- 
degree launch azimuth. The sequence is compatible  w i t h  t h e  p re l imina ry  
Apollo 8 f l i g h t  p l a n ,  Reference 1. 

The a t t i t u d e  sequence i s  presented i n  t h r e e  b a s i c  p a r t s :  a d e t a i l e d  
d e s c r i p t i o n  of each r e v o l u t i o n ,  a n  event t i m e l i n e  r e fe renced  t o  mis s ion  t i m e  
I m  L 1 -  r \  - - J  - - L . . - - * J -  .a; ^ ^ _ ^  -e rs..rasa..+imn 

d u r i n g  each r e v o l u t i o n .  D e t a i l e d  look a n g l e  and a t t i t u d e  da t a  are a v a i l a b l e  
and w i l l  be p re sen ted  i n  t h e  C t  Reference A t t i t u d e  Sequence. 

\ l a u l r  L j  , d I 1 U  > C L L S L L L d L * L  u A c l ~ & a " ' Y  .Cy*bYb..L*..b t h e  r 2 j c r  e'.'ezt' 2nri I t t i t "de_S  

I t  is  f u l l y  recognized t h a t  changes i n  procedures and event  sequences 
w i l l  occur subsequent t o  t h e  p u b l i c a t i o n  of t h i s  r e p o r t .  Any such changes 
w i l l  be r e f l e c t e d  i n  t h e  r e f e r e n c e  a t t i t u d e  sequence o r  addenda t h e r e t o .  
Comments a r e  s o l i c i t e d ,  p a r t i c u l a r l y  t h o s e  concerning c o n f l i c t s  w i t h  o t h e r  
m i s s i o n  p l ann ing  c o n s i d e r a t i o n s ,  so t h a t  updates  t o  t h e  r e f e r e n c e  a t t i t u d e  
sequence document w i l l  r e f l e c t  t h e  l a t e s t  mi s s ion  planning. 
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DISCUSS I O N  

F i r s t  Revolution ( F i g u r e 2  

The sequence of s i g n i f i c a n t  even t s  t h a t  occur during t h e  f i r s t  re- 
v o l u t i o n  i s  a s  fo l lows :  

1. F i r s t  l u n a r  o r b i t  i n s e r t i o n  (LO1 ) burn 
1 

2.  Acqu i s i t i on  of MSFN l i n e - o f - s i g h t  

3. Enter darkness  

4. IMU real ignment  

5. Loss of MSFN l i n e - o f - s i g h t  

6.  Enter s u n l i g h t  

7.  Lunar obse rva t ion  and photography 

The f i r s t  LO1 burn deboosts  t h e  CSM from t h e  c i s l u n a r  t r a j e c t o r y  i n t o  
a 60 -nau t i ca l  mile by 170-nau t i ca l  m i l e  e l l i p t i c a l  parking o r b i t .  The burn 
is performed with t h e  CSM i n  a r e t r o g r a d e  a t t i t u d e ,  and t h e  crew i s  heads 
down t o  a f f o r d  v i s u a l  r e f e r e n c e  w i t h  t h e  l u n a r  s u r f a c e .  
i s  he ld  i n e r t i a l l y  f i x e d  u n t i l  immediately p r i o r  t o  a c q u i s i t i o n  of MSFN l i n e -  
o f - s i g h t .  The CSM is then  r o l l e d  180 degrees  t o  e s t a b l i s h  S-band communica- 
t i o n s .  The r e s u l t i n g  a t t i t u d e  is he ld  i n e r t i a l l y  f i x e d  u n t i l  loss of MSFN 
l i n e - o f - s i g h t .  Th i s  i n e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  t h e  a t t i t u d e  r e q u i r e -  
ments f o r  t h e  IMU real ignment  which occurs  i m e d i a t e l y  a f t e r  t h e  CSM e n t e r s  
darkness .  A t  the l o s s  of MSFN l i n e - o f - s i g h t ,  t h e  CSM is  maneuvered t o  a n  
a t t i t u d e  which al lows l u n a r  v i s u a l  obse rva t ion  and photography. 
a t t i t u d e ,  w i t h  r e s p e c t  t o  t h e  l o c a l  h o r i z o n t a l  o r i e n t a t i o n ,  i s  a p i t c h  of 
minus 45 degrees and a r o l l  of 180 degrees .  
f i x e d  through t h e  completion of t h e  f i r s t  r e v o l u t i o n .  

The LO11 burn a t t i t u d e  

The v e h i c l e  

This  a t t i t u d e  i s  h e l d  l o c a l l y  

This  a t t i t u d e  sequence a l lows  S-band communications from t h e  a c q u i s i t i o n  
of MSFN l i n e - o f - s i g h t  t o  t h e  loss of MSFN l i n e - o f - s i g h t .  

Second Revolution (F igu re  2 )  

The sequence of s i g n i f i c a n t  even t s  t h a t  occur du r ing  t h e  second r evo lu -  
t i o n  i s  a s  follows: 

1. Lunar obse rva t ion  and photography 

2 .  Acqu i s i t i on  of MSFN l i n e - o f - s i g h t  

3. Enter darkness  

4 .  ZMU real ignment  

5. Loss of MSFN l i n e - o f - s i g h t  

6.  E n t e r  s u n l i g h t  

A t  t h e  completion of t h e  f i r s t  r e v o l u t i o n ,  t h e  CSM i s  i n  a l o c a l l y  f i x e d  
a t t i t u d e  which al lows luna r  v i s u a l  obse rva t ion  and photography. The l o c a l  
a t t i t u d e  ho ld  is  maintained u n t i l  approximately seven minutes  p r i o r  t o  t h e  
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I -  

- 

C M  e n t e r i n g  i n t o  darkness .  A t  t h i s  time, t h e  l o c a l  a t t i t u d e  hold i s  t c n n i -  
n a t e d  and t h e  e x i s t i n g  v e h i c l e  a t t i t u d e  i s  h e l d  i n e r t i a l l y  f i x e d .  This  i n -  
e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  t h e  a t t i t u d e  requirements  f o r  t he  :Mu re- 
al ignment  which occurs  about  f i v e  minutes a f t e r  t h e  CSM e n t e r s  darkness.  
Approximately e i g h t  minutes  p r i o r  t o  t h e  l o s s  of MSFN l i n e - o f - s i g h t ,  t h e  
i n e r t i a l  a t t i t u d e  hold i s  t e rmina ted ,  and t h e  CSM is  maneuvered t o  t h e  c i r c u -  
l a r i z a t i o n  burn a t t i t u d e .  The CSM is  f i rs t  maneuvered to an a t t i t u d e  which is  
r o l l e d  180 degrees  from t h e  burn a t t i t u d e  t o  a l low S-band c o m u n i c a t i o n s .  
A f t e r  t h e  l o s s  of MSFN l i n e - o f - s i g h t ,  t h e  CSM Fs r o l l e d  minus 180 degrees  i n t o  
t h e  c i r c u l a r i z a t i o n  burn a t t i t u d e .  T h i s  a t t i t u d e  i s  he ld  i n e r t i a l l y  f i x e d  
through t h e  remainder of t h e  second r e v o l u t i o n .  

This  a t t i t u d e  sequence al lows S-band communications from t h e  a c q u i s i t i o n  
of MSFN l i n e - o f - s i g h t  t o  t h e  l o s s  of MSFN l i n e - o f - s i g h t .  

Th i rd  Revolut ion (F igu re  3 )  

The sequence of s i g n i f i c a n t  events  t h a t  occur du r ing  t h e  t h i r d  r e v o l u t i o n  
i s  as fo l lows :  

1. C i r c u l a r i z a t i o n  burn 

2. 

3. A c q u i s i t i o n  of MSFN l ine-of  - s i g h t  

4.  Pseudo l and ing  s i t e  landmark f a m i l i a r i z a t i o n  and photography 

Landmark f a m i l i a r i z a t i o n  and t r a i n i n g  photography 

5. En te r  darkness  

6. IMU real ignment  

7 .  O r b i t a l  nav iga t ion  photography 

8. Loss of MSFN l i n e - o f - s i g h t  

9. En te r  s u n l i g h t  

Immediately fol losr ing t h e  s t a r t  of t h e  t h i r d  r e v o l u t i o n ,  t h e  c i r c u l a r i z a -  
t i o n  burn is  performed. The  c i r c u l a r i z a t i o n  burn t ransforms t h e  i n i t i a l  e l l i p -  
t i c a l  pa rk ing  o r b i t  i n t o  a 60-naut ical  m i l e  c i r c u l a r  o r b i t .  The burn is  
performed w i t h  t h e  CSM i n  a r e t rog rade  a t t i t u d e ,  and t h e  crew i s  heads down 
t o  a f f o r d  v i s u a l  r e f e r e n c e  w i t h  t h e  l u n a r  s u r f a c e .  After t h e  burn,  t h e  CSM 
burn a t t i t u d e  i s  h e l d  i n e r t i a l l y  f ixed  f o r  approximately t e n  minutes .  
CSM i s  then  maneuvered t o  an a t t i t u d e  which a l lows  landmark f a m i l i a r i z a t i o n  
and photography. 
p o i n t i n g  p r o f i l e  t h a t  t h e  CSM s h a f t  d r i v e  a x i s  (SDA) w i l l  have during land- 
mark s i g h t i n g s .  The v e h i c l e  a t t i c u d e ,  w i t h  respect to t h e  lncal h o r i z o n t a l  
o r i e n t a t i o n ,  i s  a p i t c h  of minus 52.5 deg rees  and a r o l l  of 180 degrees.  This  
a t t i t u d e  is h e l d  l o c a l l y  f i x e d  u n t i l  t h e  CSM cameras become po in ted  a t  t he  
pseudo l and ing  s i t e  landmark (Table 2 ) .  A manual p i t c h  r a t e  i s  then  i n i t i a t e d  
t o  keep t h e  cameras pointed a t  t h e  landmark. 
t h e  CSM p a s s e s  t h e  c l o s e s t  p o i n t  of approach t o  t h e  landmark, t h e  p i t c h  rate 
i s  t e rmina ted ,  and t h e  v e h i c l e  i s  p i t ched  minus 70 degrees .  
a t t i t u d e  i s  h e l d  i n e r t i a l l y  f i x e d .  T h i s  i n e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  
t h e  a t t i t u d e  requirements  f o r  t h e  IMU real ignment  occur r ing  approximately seven 
minu tes  a f t e r  t h e  CSM e n t e r s  darkness. The i n e r t i a l  a t t i t u d e  ho ld  i s  main- 
t a i n e d  u n t i l  approximately 19 minutes b e f o r e  t h e  CSM e n t e r s  s u n l i g h t .  

The 

I n  t h i s  e x e r c i s e  the CSM X-axis cameras a r e  given t h e  same 

Approximately 1.5 minutes  a f t e r  

The r e s u l t i n g  

The 
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i n e r t i a l  a t t i t u d e  ho ld  i s  then  t e rmina ted ,  and t h e  CSM i s  maneuvered t o  a n  
a t t i t u d e  which allows o r b i t a l  n a v i g a t i o n  photography. 
w i t h  respect t o  the l o c a l  h o r i z o n t a l  o r i e n t a t i o n ,  i s  a p i t c h  of minus 90 
degrees  and a r o l l  of 180 degrees .  This  a t t i t u d e  i s  h e l d  l o c a l l y  f i x e d  wh i l e  
t h e  CSM X - a x i s  cameras perform v e r t i c a l  s t e r e o  photography. 
a r e  o r i e n t e d  away from t h e  sun t o  a l low b e t t e r  photography. 
i s  h e l d  l o c a l l y  f i x e d  through t h e  completion of t h e  t h i r d  r e v o l u t i o n .  

The v e h i c l e  a t t i t u d e ,  

The CSM windows 
This  a t t i t u d e  

Except f o r  a s m a l l  pe r iod  of t i m e  du r ing  t h e  photography of t h e  pseudo 
l and ing  s i t e  landmark, t h i s  a t t i t u d e  sequence al lows S-band c o m u n i c a t i o n s  
from t h e  a c q u i s i t i o n  of MSFN l i n e - o f - s i g h t  t o  t h e  maneuver t o  t h e  o r b i t a l  
n a v i g a t i o n  photography a t t i t u d e .  

Fourth Revolut ion (F igu re  4 )  

The sequence of s i g n i f i c a n t  even t s  t h a t  occur during t h e  f o u r t h  revolu- 
t i o n  i s  as fol lows:  

1. O r b i t a l  nav iga t ion  photography 

2 .  Acqu i s i t i on  of MSFN l i n e - o f - s i g h t  

3 .  Landmark 1 i g h t  i n g  e v a l u a t i o n  

4 .  Enter darkness  

5. IMU real ignment  

6 .  Loss of MSFN l i n e - o f - s i g h t  

7. Enter  s u n l i g h t  

A t  t h e  s t a r t  of t he  f o u r t h  r e v o l u t i o n ,  t h e  CSM i s  i n  t h e  l o c a l l y  f i x e d  
o r b i t a l  n a v i g a t i o n  photography a t t i t u d e .  The l o c a l  a t t i t u d e  ho ld  is main- 
t a i n e d ,  and t h e  veh ic l e  i s  r o l l e d  minus 180 degrees  a s  it passes  over  t h e  sub- 
s o l a r  p o i n t  t o  o r i e n t  the windows away from t h e  sun. Approximately 13 minutes  
b e f o r e  t h e  CSM passes  the c l o s e s t  p o i n t  of approach t o  the  pseudo l and ing  s i t e  
landmark, t h e  CSM is  maneuvered t o  t h e  i n i t i a l  t r a c k i n g  a t t i t u d e  f o r  t h e  Mode 
I11 t ype  landmark s i g h t i n g  a t t i t u d e  sequence (F igu re  5 ) .  The a t t i t u d e  a t  t h e  
beginning of a Mode 111 type t r a c k i n g  sequence, w i th  r e s p e c t  t o  t h e  l o c a l  h o r i -  
z o n t a l  o r i e n t a t i o n ,  is a p i t c h  of f i v e  degrees .  T h i s  a t t i t u d e  i s  maintained 
l o c a l l y  f i x e d  u n t i l  t h e  CSM is about  t h r e e  minutes  from t h e  c l o s e s t  p o i n t  of 
approach t o  t h e  landmark. 
second p i t c h  r a t e  to keep the  landmark i n  t h e  o p t i c s  f i e l d  of coverage through- 
ou t  t h e  t r a c k i n g  per iod.  Approximately 1.5 minutes  a f t e r  t h e  CSM p a s s e s  t h e  
c l o s e s t  p o i n t  of approach t o  t h e  landmark, t h e  p i t c h  r a t e  is terminated.  
Mode 111 t ype  t r ack ing  sequence is  used f o r  t h e  landmark l i g h t i n g  e v a l u a t i o n  
of t h e  pseudo landing s i t e  landmark. A f t e r  t h e  t r a c k i n g  sequence i s  t enn ina -  
t e d ,  t h e  CSM i s  r o l l e d  180 degrees t o  g a i n  S-band c o m u n i c a t i o n s ,  and t h e  re-  
s u l t i n g  a t t i t u d e  i s  h e l d  i n e r t i a l l y  f i x e d .  
s a t i s f i e s  t h e  a t t i t u d e  requirements f o r  t h e  IMU real ignment  o c c u r r i n g  approx i -  
mately n i n e  minutes  a f t e r  t he  CSM e n t e r s  darkness .  About seven minutes  b e f o r e  
the  CSM e n t e r s  s u n l i g h t ,  t h e  i n e r t i a l  a t t i t u d e  hold is  t e r m i n a t e d ,  and t h e  CSM 
i s  maneuvered t o  t h e  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  f o r  a Mode 111 t ype  
landmark s i g h t i n g  sequence, which occurs  e a r l y  i n  t h e  f i f t h  r e v o l u t i o n  on 
the second c o n t r o l  po in t  landmark (Table  2 ) .  The i n i t i a l  landmark s i g h t i n g  
a t t i t u d e ,  which i s  a p i t c h  of f i v e  degrees  w i t h  r e s p e c t  t o  t h e  l o c a l  h o r i z o n t a l  
o r i e n t a t i o n ,  is  held l o c a l l y  f i x e d  through t h e  completion of t h e  f o u r t h  re- 
v o l u t i o n .  

The CSM i s  then  g iven  a minus 0.3 degrees  p e r  

This  

This  i n e r t i a l l y  f i x e d  a t t i t u d e  
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This  a t t i t u d e  sequence a l lows  S-band communications from the  complet ion 
of t h e  landmark e v a l u a t i o n  t o  t h e  loss of MSFN l i n e - o f - s i g h t .  

F i f t h  Revolut ion (F igu re  6 )  

The sequence of s i g n i f i c a n t  events t h a t  occur dur ing  t h e  f i f t h  r e v o l u t i o n  
is  as fo l lows:  

1 -  

1. Landmark s i g h t i n g  on the second c o n t r o l  p o i n t  landmark 

2. Acqu i s i t i on  of MSFN l ine -o f - s igh t  

3. Landmark s i g h t i n g  on the pseudo landing  s i t e  landmark 

4. En te r  darkness  

5. IMU rea l ignment  

6 .  Loss of  MSFN l i n e - o f - s i g h t  

7 .  En te r  s u n l i g h t  

A t  t h e  beginning  of t h e  f i f t h  r evo lu t ion ,  t he  CSM i s  i n  the  l o c a l l y  
f i x e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e .  A Mode 111 type landmark s i g h t i n g  
sequence is  performed on t h e  second c o n t r o l  p o i n t  landmark (Table 2 ) ,  and 
then  t h e  v e h i c l e  is maneuvered back t o  t h e  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  
f o r  a Mode 111 t ype  landmark s i g h t i n g  sequence on t h e  pseudo landing  s i t e  
landmark. 
l and ing  s i t e  landmark, t h e  CSM is r o l l e d  180 degrees  t o  ga in  S-band 
communications, and t h e  r e s u l t i n g  a t t i t u d e  i s  h e l d  i n e r t i a l l y  f i x e d ,  This  
i n e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  the  a t t i t u d e  requi rements  f o r  t h e  TMU 
rea l ignment  occur r ing  approximatqly 15 minutes  a f t e r  t h e  CSM e n t e r s  darkness .  
About t h e  t i m e  t h e  CSM e n t e r s  s u n l i g h t ,  t h e  i n e r t i a l  a t t i t u d e  hold is  t e r -  
mina ted  and t h e  CSM is maneuvered t o  t h e  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  
f o r  a Mode 111 type  landmark s i g h t i n g  sequence,which occurs  e a r l y  i n  t h e  
s i x t h  r e v o l u t i o n  on t h e  second con t ro l  p o i n t  landmark. 
a t t i t u d e  i s  h e l d  l o c a l l y  f i x e d  through t h e  complet ion of t he  f i f t h  r evo lu t ion .  

After t h e  complet ion of the s i g h t i n g  sequence on t h e  pseudo 

The landmark s i g h t i n g  

This  a t t i t u d e  sequence a l lows  S-band communications from t h e  complet ion 
of t h e  landmark s i g h t i n g  sequence on t h e  pseudo landing  s i te  landmark t o  t h e  
l o s s  of MSFN l i n e - o f - s i g h t .  

S i x t h  Revolu t ion  (F igure  7 )  

The sequence of s i g n i f i c a n t  events t h a t  occur  dur ing  t h e  s i x t h  revolu-  
c i o n  i s  as foiiowst 

1. 
2.  

3 .  

4 .  

5. 
6. 

7.  

8. 

Landmark s i g h t i n g  on the second c o n t r o l  po in t  landmark 

Acqu i s i t i on  of MSFN l ine -o f - s igh t  

Landmark s i g h t i n g  on the pseudo landing  s i t e  landmark 

Enter  darkness  

IMU rea l ignment  

Loss of MSFN l ine -o f - s igh t  

En te r  s u n l i g h t  

Landmark s i g h t i n g  on the  f i r s t  c o n t r o l  p o i n t  landmark 
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A t  t h e  beginning of t h e  s i x t h  r e v o l u t i o n ,  t h e  CSM i s  i n  t h e  l o c a l l y  f i x -  
e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e .  A Mode 111 t ype  landmark s i g h t i n g  
sequence is performed on t h e  second c o n t r o l  p o i n t  landmark, and then t h e  ve- 
h i c l e  i s  maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  
f o r  a Mode 111 type landmark s i g h t i n g  sequence on t h e  pseudo l and ing  s i t e  
landmark. A f t e r  t h e  completion of t h e  s i g h t i n g  sequence on t h e  pseudo land- 
i n g  s i t e  landmark, t h e  CSM i s  r o l l e d  180 degrees  t o  g a i n  S-band communications, 
and t h e  r e s u l t i n g  a t t i t u d e  is h e l d  i n e r t i a l l y  f i x e d .  This  i n e r t i a l l y  f i x e d  
a t t i t u d e  s a t i s f i e s  t h e  a t t i t u d e  requirements  f o r  t h e  IMU real ignment  occur r ing  
approximately 13 minutes  a f t e r  t h e  CSM e n t e r s  darkness.  About f i v e  minutes  
b e f o r e  t h e  CSM e n t e r s  s u n l i g h t ,  t h e  i n e r t i a l  a t t i t u d e  hold i s  t e rmina ted ,  and 
t h e  CSM i s  maneuvered t o  t h e  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  f o r  a Mode 
111 type landmark s i g h t i n g  sequence on t h e  f i r s t  c o n t r o l  p o i n t  landmark (Table 
2 ) .  
back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e  f o r  a Mode 111 type 
landmark s i g h t i n g  sequence, which occurs  e a r l y  i n  t h e  seven th  r e v o l u t i o n  on 
t h e  second c o n t r o l  p o i n t  landmark. The i n i t i a l  landmark s i g h t i n g  a t t i t u d e  
i s  h e l d  l o c a l l y  f i x e d  through t h e  completion of t he  s i x t h  r e v o l u t i o n .  

A f t e r  t h e  completion of t h e  s i g h t i n g  sequence, t h e  v e h i c l e  i s  maneuvered 

This  a t t i t u d e  sequence a l lows  S-band communications from t h e  completion 
of t h e  landmark s i g h t i n g  sequence on t h e  pseudo l and ing  s i t e  landmark t o  t h e  
loss of MSFN l i n e - o f - s i g h t .  

Seventh Revolution (F igu re  8) 

The sequence of s i g n i f i c a n t  e v e n t s  t h a t  occur du r ing  t h e  seven th  re- 
v o l u t i o n  is as follows: 

1. Landmark s i g h t i n g  on t h e  second c o n t r o l  p o i n t  landmark 

2.  Acqu i s i t i on  of MSFN l i n e - o f - s i g h t  

3. Landmark s i g h t i n g  on t h e  t h i r d  c o n t r o l  p o i n t  landmark 

4 .  Landmark s i g h t i n g  on t h e  pseudo l and ing  s i t e  landmark 

5. Enter darkness 

6 .  IMU real ignment  

7. Loss of MSFN l i n e - o f - s i g h t  

8. Enter s u n l i g h t  

9. Landmark s i g h t i n g  on t h e  f i r s t  c o n t r o l  p o i n t  landmark 

A t  the  beginning of t h e  seven th  r e v o l u t i o n ,  t h e  CSM i s  i n  t h e  l o c a l l y  
f i x e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e .  A Mode 111 t ype  landmark s i g h t i n g  
sequence is performed on the  second c o n t r o l  p o i n t  landmark, and then the  
v e h i c l e  i s  maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  landmark t r a c k i n g  
a t t i t u d e  f o r  a Mode 111 type landmark s i g h t i n g  sequence on t h e  t h i r d  c o n t r o l  
p o i n t  landmark (Table 2 ) .  
p o i n t  landmark, t h e  CSM is maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  land-  
mark t r a c k i n g  a t t i t u d e  f o r  a Mode 111 t ype  lanchnark s i g h t i n g  sequence on t h e  
pseudo l and ing  s i t e  landmark. A f t e r  t h e  completion of t h e  s i g h t i n g  sequence 
on t h e  pseudo landing s i t e  landmark, t h e  CSM i s  r o l l e d  180 degrees  t o  g a i n  S -  
band communications, and t h e  r e s u l t i n g  a t t i t u d e  i s  h e l d  i n e r t i a l l y  f i x e d .  
This  i n e r t i a l l y  f ixed  a t t i t u d e  s a t i s f i e s  t h e  a t t i t u d e  requirements  f o r  t h e  ZMU 
real ignment  occur r ing  approximately 13 minutes  a f t e r  t h e  CSM e n t e r s  darkness .  

Upon completion of t h e  s i g h t i n g  on t h e  t h i r d  c o n t r o l  
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About t h r e e  minutes  be fo re  t h e  CSM e n t e r s  s u n l i g h t ,  t h e  i n e r t i a l  a t t i t u d e  
hold  i s  t e rmina ted ,  and t h e  CSM is maneuvered t o  t h e  i n i t i a l  landmark t r a c k -  
i n g  a t t i t u d e  f o r  a Mode 111 t ype  landmark s i g h t i n g  sequence on t h e  f i r s t  con- 
t r o l  p o i n t  landmark. 
v e h i c l e  i s  maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  landmark t r a c k i n g  
a t t i t u d e  f o r  a Mode I11 t ype  landmark s i g h t i n g  sequencqwhich  occurs  e a r l y  i n  
t h e  e i g h t h  r e v o l u t i o n  on t h e  second con t ro l  p o i n t  landmark. 
mark s i g h t i n g  a t t i t u d e  i s  he ld  l o c a l l y  f i x e d  through t h e  completion of t h e  
seven th  r e v o l u t i o n .  

A f t e r  t h e  completion of t h e  s i g h t i n g  sequence, t h e  

The i n i t i a l  land-  

This a t t i t u d e  sequence a l lows  S-band comnunications from t h e  complet ion 
of t h e  landmark s i g h t i n g  sequence on t h e  pseudo landing  s i t e  landmark t o  t h e  
loss of MSFN l i n e - o f - s i g h t .  

E ighth  Revolut ion (F igure  9 )  

The sequence of s i g n f i c a n t  events t h a t  occur du r ing  t h e  e igh th  r e v o l u t i o n  
is  as fo l lows:  

1. 

2 .  

3 .  

4 .  

5 .  

6. 
7. 

8.  

9. 

10. 

Landmark s i g h t i n g  on the second c o n t r o l  p o i n t  landmark 

A c q u i s i t i o n  of MSFN l i ne -o f - s igh t  

Landmark s i g h t i n g  on the t h i r d  c o n t r o l  p o i n t  landmark 

Landmark s i g h t i n g  on the pseudo landing  s i t e  landmark 

En te r  darkness  

I M U  rea l ignment  

Dark s i d e  and s o l a r  corona photography 

Loss of MSFN l ine -o f - s igh t  

O r b i t a l  nav iga t ion  photography (convergent  s t e r e o  photography) 

En te r  s u n l i g h t  

A t  t h e  beginning  of t h e  e i g h t h  r e v o l u t i o n ,  t h e  CSM i s  i n  the  l o c a l l y  
f i x e d  i n i t i a l  landmark t r a c k i n g  a t t i t u d e .  A Mode 111 type  landmark s i g h t i n g  
sequence is performed on t h e  second c o n t r o l  p o i n t  landmark, and then t h e  
v e h i c l e  i s  maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  landmark t r a c k i n g  
a t t i t u d e  f o r  a Mode I11 type  landmark s i g h t i n g  sequence on t h e  t h i r d  c o n t r o l  
p o i n t  landmark (Table  2 ) .  Upon completion of t h e  s i g h t i n g  on t h e  t h i r d  con- 
t r o l  p o i n t  landmark, t h e  CSM i s  maneuvered back t o  t h e  l o c a l l y  f i x e d  i n i t i a l  
landmark t r a c k i n g  a t t i t u d e  f o r  a Mode I11 type landmark s i g h t i n g  sequence on 
t h e  pseudo ?a~dFog site la?z&r=r!c; after t h e  complet ion of t h e  s i g h t i n g  se- 
quence on t h e  pseudo landing  s i t e  landmark, t h e  CSM i s  r o l l e d  180 degrees  t o  
g a i n  S-band communications, and t h e  r e s u l t i n g  a t t i t u d e  i s  he ld  i n e r t i a l l y  f ixed .  
Th i s  i n e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  t h e  a t t i t u d e  requirements  f o r  t h e  
IMU rea l ignment  occur r ing  approximately n ine  minutes  a f t e r  t h e  CSM e n t e r s  dark- 
n e s s .  Seventeen minutes  before  t h e  CSM e n t e r s  s u n l i g h t ,  t h e  i n e r t i a l  a t t i t u d e  
ho ld  i s  t e rmina ted ,  and t h e  CSM is maneuvered t o  an  a t t i t u d e  which a l lows  
da rk  s i d e  and s o l a r  corona photography. The v e h i c l e  a t t i t u d e ,  wi th  r e s p e c t  
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t o  t h e  l o c a l  ho r i zon ta l  o r i e n t a t i o n ,  i s  a p i t c h  of minus 20 degrees and a 
r o l l  of 180 degrees.  This  a t t i t u d e  is  h e l d  l o c a l l y  f i x e d  f o r  15 minutes .  The 
CSM i s  then  maneuvered t o  a n  a t t i t u d e  which al lows o r b i t a l  nav iga t ion  photo- 
graphy. This  veh ic l e  a t t i t u d e ,  w i t h  r e s p e c t  t o  t h e  l o c a l  h o r i z o n t a l  o r i e n -  
t a t i o n ,  is a p i t ch  of minus 70 degrees  and a r o l l  of 180 degrees .  This  
a t t i t u d e  i s  held l o c a l l y  f i x e d  through t h e  completion of t h e  e i g h t h  r e v o l u t i o n .  

Th i s  a t t i t u d e  sequence a l lows  S-band communications from t h e  completion 
of t h e  landmark s i g h t i n g  sequence on t h e  pseudo l and ing  s i t e  landmark t o  the  
maneuver t o , t h e  dark s i d e  and s o l a r  corona photography a t t i t u d e .  

- Ninth Revolut ion(Figure lo )  

The sequence of s i g n i f i c a n t  e v e n t s  t h a t  occur du r ing  t h e  n i n t h  re- 
v o l u t i o n  i s  a s  fol lows:  

1. 

2.  

3. Enter darkness  

4. TMU real ignment  

5. Loss  of M S F N  l i n e - o f - s i g h t  

6 .  E n t e r  s u n l i g h t  

O r b i t a l  n a v i g a t i o n  photography (convergent s t e r e o  photography) 

Acquis i t ion of MSFN l i n e - f  - s i g h t  

A t  t h e  s t a r t  of t h e  n i n t h  r e v o l u t i o n ,  t h e  CSM is i n  t h e  o r b i t a l  naviga- 
t i o n  photography a t t i t u d e .  This  a t t i t u d e  is h e l d  l o c a l l y  f i x e d  u n t i l  t h e  
CSM p a s s e s  over  t h e  subso la r  p o i n t .  
r o l l e d  180 degrees,  and t h e  r e s u l t i n g  a t t i t u d e  i s  h e l d  l o c a l l y  f i x e d  wh i l e  
t h e  convergent  s t e r e o  photography con t inues .  Approximately one minute a f t e r  
t h e  CSM e n t e r s  darkness,  t h e  l o c a l  a t t i t u d e  hold i s  t e rmina ted ,  and t h e  CSM 
is r o l l e d  180 degrees and p i t c h e d  minus 57.5 degrees .  The r e s u l t i n g  a t t i t u d e  
i s  then h e l d  i n e r t i a l l y  f i x e d .  This  i n e r t i a l l y  f i x e d  a t t i t u d e  s a t i s f i e s  t he  
a t t i t u d e  requirements f o r  t h e  IMU real ignment  occur r ing  approximately 15  
minu tes  a f t e r  the CSM e n t e r s  darkness .  A t  the  l o s s  of M S F N  l i n e - o f - s i g h t ,  t h e  
i n e r t i a l  a t t i t u d e  hold is t e rmina ted ,  and t h e  CSM is maneuvered t o  a l una r  
obse rva t ion  a t t i t u d e .  The v e h i c l e  a t t i t u d e ,  w i th  r e s p e c t  t o  t h e  l o c a l  
h o r i z o n t a l  o r i e n t a t i o n ,  i s  a p i t c h  of minus 90 degrees .  This  a t t i t u d e  i s  
h e l d  l o c a l l y  f ixed  through t h e  completion of t he  n i n t h  r e v o l u t i o n .  

The CSM i s  then  p i t c h e d  40 degrees  and 

This  a t t i t u d e  sequence a l lows  S-band communications from 11 minutes  p r i o r  
t o  t h e  terminat ion of o r b i t a l  n a v i g a t i o n  photography t o  t h e  l o s s  of M S F N  l i n e -  
of - S  i g h t  . 
Tenth Revolution ( F i e u r e  11) 

The sequence of s i g n i f i c a n t  e v e n t s  t h a t  occur du r ing  t h e  t e n t h  r e v o l u t i o n  
i s  a s  fo l lows :  

1. Acqu i s i t i on  of M S F N  l i n e - o f - s i g h t  

2 .  E n t e r  darkness  
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3 .  IMU realignment 
4 .  Loss of MSFN line-of-sight 
5. Enter sunlight 

6. Transearth Injection (TEI) burn 

At the start of the tenth revolution, the CSM is in the lunar observation 
attitude. This attitude is held locally fixed until immediately before the 
acquisition of M S F N  line-of-sight. The CSM is then rolled 180 degrees for S- 
band communications, and the local attitude hold is continued. Approximately 
20 minutes before the CSM enters darkness, the local attitude hold is termina- 
ted, and the existing attitude is held inertially fixed. This inertially 
fixed attitude satisfies the attitude requirements for the IMU realignment 
beginning as the CSM enters darkness. Approximately nine minutes before the 
CSM enters sunlight, the inertial attitude hold is terminated, and the 
vehicle i s  maneuvered to the TEI burn attitude. The burn attitude is then 
held inertially fixed through the burn. The TEI burn boosts the CSM from the 
60-nautical mile circular lunar orbit into the transearth trajectory. The burn 
is performed with the CSM in a posigrade attitude, and the crew is heads down 
to afford visual reference with the lunar surf ace. 

This attitude sequence allows S-band communications from acquisition of 
MSFN line-of-sight to loss of MSFN line-of-sight. 
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TABLE I.- C '  LUNAR ORBIT EVENT TIMELINE 

Mission T i m e  
Hr :Hin : S ec 

69: 11:35 

69: 29 :00 

69:30: 20 

70:14:20 

70: 36 : 35 

70: 54: 58 

70: 55: 13 

71:OO: 26 

71:38:  25 

71:38:35 

72:08:30 

72:15:00 

72:22:47 

72 : 27 : 00 

72: 55:OO 

73:03:18 

73:05:00 

73 : 09 : 0 1  

73 :30: 53 

7 3 ~ 3 1 ~ 0 3  

Event 

L O X l  c u t o f f ,  i n e r t i a l  a t t i t u d e  hold  

Rol l  180' f o r  c o m u n i c a t i o n s )  i n e r t i a l  a t t i t u d e  hold  

Acquire  Canberra s i g n a l  

En te r  l u n a r  umbra, begin  IMU real ignment  

Acquire  Madrid s i g n a l  

Lose Madrid s i g n a l  

Lose Canberra  s i g n a l ,  maneuver t o  l u n a r  obse rva t ion  and 
photography a t t i t u d e  l o c a l  a t t i t u d e  ho ld  

En te r  s u n l i g h t  

Acquire Madrid s i g n a l  

Acquire Canberra  s i g n a l  

Lose Canberra  s i g n a l  

Terminate l o c a l  a t t i t u d e  ho ld  and begin i n e r t i a l  a t t i t u d e  hold  

Enter  l u n a r  umbra 

Begin IMU real ignment  

Maneuver t o  c i r c u l a r i z a t i o n  burn a t t i t u d e  except  r o l l e d  moo, 
i n e r t i a l  a t t i t u d e  hold  

Lose Madrid s i g n a l  

R o l l  180' t o  c i r c u l a r i z a t i o n  burn a t t i t u d e  , i n e r t i a l  a t t i t u d e  
hold  

Enter  s u n l i g h t  

I n i t i a t e  c i r c u l a r  i z a t  ion burn 

C i r c u l a r i z a t i o n  burn cu to f f  , i n e r t i a l  a t t i t u d e  hold  



TABLE I.- C '  LUNAR ORBIT EVENT TIMELINE - Continued 

Mission T ime  
Hr:Min:Sec 

73 : 40 : 00 Maneuver t o  landmark t r a i n i n g  photography a t t i t u d e ,  l o c a l  

Event - 
a t t i t u d e  h o l d  

73: 47: 48 

74: 14: 16 

Acquire Madrid s i g n a l  

S t a r t  manual p i t ch  r a t e  f o r  landmark t r a i n i n g  photography 

74: 16 :33 Terminate p i t c h  r a t e ,  p i t c h  up f o r  IMU rea l ignmen t ,  i n e r t i a l  
a t  t i t u  de ho ld  

74: 22 : 53 Ente r  l u n a r  umbra 

74: 30 : 00 Begin IMU realignment 

74: 55:OO 

74: 59 : 49 

75: 09 : 00 

75: 44: 00 

75 : 46 : 11 

76 : 00 : 00 

76:10:20 

76:14:49 

Maneuver t o  o r b i t a l  n a v i g a t i o n  photography a t t i t u d e ,  l o c a l  
a t t i t u d e  ho ld  

Lose Madrid s igna l  

En te r  s u n l i g h t  

Roll 180°, continue o r b i t a l  nav iga t ion  photography, l o c a l  
a t  t i t u  de ho ld  

Acquire Madrid S igna l  

Maneuver t o  landmark e v a l u a t i o n  a t t i t u d e ,  l o c a l  a t t i t u d e  ho ld  

S t a r t  

Terminate p i t c h  r a t e ,  r o l l  180°, i n e r t i a l  a t t i t u d e  hold 

- .3O/sec p i t c h  r a t e  f o r  landmark e v a l u a t i o n  

76: 21: 29 En te r  l u n a r  umbra 

76 :30:00 Begin I M U  realignment 

76 : 58: 10 Lose Madrid s igna l  

77 : 00 : 00 

77:07:35 

77 :30: 19 

77:34:48 

Maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  l o c a l  a t t i t u d e  ho ld  

E n t e r  sun l igh t  

S t a r t  
s i g h t i n g  

Terminate p i t ch  r a t e ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  ho ld  

-.3'/sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark 
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TABLE I.- C '  LUNAR ORBIT EVENT TIMELINE - Continued 

Mission T ime  
Hr:Min:Sec 

7 7 : 44: 3 2 

7 8 :  08 :  0 9  

7 8 : 0 8 :  36 

7 8 : 1 3 : 0 5  

7 8 :  2 0 :  0 5  

7 8 :  3 5 :  00 

7 8 :  56 : 11 

7 8: 56 : 32 

7 9  : 06 : 00 

7 9 : 0 6 : 1 2  

7 9 :  28 :36  

7 9 : 3 3  :05 

7 9 :  42 : 3 0  

7 9 :  4 2 :  51 

8 0 : 0 6 :  52 

80: 11 : 21 

80: 18: 41 

80: 32 : 00 

8 0 : 5 4 : 2 8  

80: 54 :  50 

81 : 00 : 00 

81 : 0 4 :  48 

81: 12: 25 

Event 

Acquire Madrid signal 

Acquire Goldstone s i g n a l  

S t a r t  -.3 /sec p i t c h  r a t e  f o r  pseudo l and ing  s i t e  s i g h t i n g  

Terminate p i t c h  r a t e ,  r o l l  180°, i n e r t i a l  a t t i t u d e  hold 

0 

Ente r  l u n a r  umbra 

Begin IMU real ignment  

Lose Goldstone s i g n a l  

Lose Madrid s i g n a l  

Maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  l o c a l  a t t i t u d e  hold 

En te r  s u n l i g h t  

S t a r t  - 3  /sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  

Terminate p i t c h  r a t e ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  hold 

0 

Acquire Goldstone s i g n a l  

Acquire Madrid s i g n a l  

S t a r t  -.3 /sec p i t c h  r a t e  f o r  pseudo l and ing  s i t e  s i g h t i n g  

Terminate p i t c h  r a t e ,  r o l l  180°, i n e r t i a l  a t t i t u d e  hold 

0 

Ente r  l u n a r  umbra 

Begin IMU real ignment  

Lose Goldstone s i g n a l  

Lose Madrid s i g n a l  

Maneuver t o  landmark s i g n t i n g  a t t i t u d e ,  l o c a l  a t t i t u d e  ho ld  

En te r  sun1 i g h t  

S t a r t  -.3O/sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  
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TAKE I.- C '  LUNAR ORBIT EVENT TINELINE - Continued 

Miss ion  T ime  
Hr:Min:Sec 

81: 16: 54 

81 : 26 : 53 

81:31:22 

81 : 40 : 51 

81 : 44: 48 

81: 49: 17 

82 :05:08 

82 : 09 : 37 

82 : 1 7  : 17 

82 : 30:OO 

82 : 52: 49 

83 : 0O:OO 

83 :03 : 24 

83:10:42 

83 : 15: 11 

93 z25:OQ 

83 : 29 : 3 8 

83 : 39: 13 

83 : 43 :05 

83 : 45: 31 

83 : 47 : 34 

Event 

Terminate p i t ch  ra te ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e  
l o c a l  a t t i t u d e  ho ld  

S t a r t  -.3O/sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g n t i n g  

Terminate p i t ch  ra te ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  ho ld  

Acquire Goldstone s i g n a l  

S t a r t  -.3'/sec p i t c h  ra te  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  

Terminate p i t c h  ra te ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  ho ld  

S t a r t  -.3 /sec p i t c h  r a t e  f o r  pseudo landing  s i t e  s i g h t i n g  

Terminate p i t c h  r a t e ,  r o l l  180°, i n e r t i a l  a t t i t u d e  hold 

En te r  l u n a r  umbra 

0 

Begin IMU realignment 

Lose Goldstone s i g n a l  

Maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  l o c a l  a t t i t u d e  hold 

En te r  sun l igh t  

S t a r t  -.3 /sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  0 

Terminate p i t c h  ra te ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  hold  

S t a r t  -.3 / s ec  p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  

Terminate p i t c h  r a t e ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  ho ld  

0 

Acquire Goldstone s i g n a l  

S t a r t  -.3'/sec p i t c h  r a t e  f o r  c o n t r o l  p o i n t  landmark s i g h t i n g  

Acquire Canberra s i g n a l  

Terminate p i t c h  ra te ,  maneuver t o  landmark s i g h t i n g  a t t i t u d e ,  
l o c a l  a t t i t u d e  hold  



Mission Time 
H r  :Min: Sec 

84:03:  24 

84:OJ: 53 

84: 15:  54 

84: 25:OO 

84:45:00 

84:50:47 

84: 51  : 14 

85: OG : t)O 

85:02:00 

85: 3 7 :00 

p 5 . j . i  I . .  ,,;;-> 

8.5:37: ! 5  

86 : 1 4 : 3 0 

85 : 1 !: : 00 

86 : 30: 00 

86 : 49 : 0 5 

A6 : 4 9 :  3 5 

86: 5 0 : O O  

87 : O O :  3 7 

87:3 , :oo 

87 :3  5: 27 

87:35:54 
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'1'P.RLE 1. - C '  LUNAR ORBIT EVENT TIMELINE - Continued 

Event 

0 S t a r t  - . 3  /sec p i t c h  ra te  f o r  pseudo landing  s i t e  s i g h t i n g  

Terminate p i t c h  ra te ,  r o l l  180°, i n e r t i a l  a t t i t u d e  hold 

E n t e r  l u n a r  umbra 

Begin IMU real ignment  

Maneuver t o  darks ide  and s o l a r  corona photography a t t i t u d e ,  
l o c a l  a t t i t u d e  hold  

Lose Canberra s i g n a l  

Lose Goldstone s i g n a l  

Maneuver t o  o r b i t a l  n a v i g a t i o n  photography a t t i t u d e ,  l o c a l  
a t t i t u d e  hold  

Enter  s u n l i g h t  

P i t c h  40°, r o l l  180 
photography, l o c a l  a t t i t u d e  hold  

Acquire Canberra s i g n a l  

Acquire Goldstone s i g n a l  

E n t e r  l u n a r  umbra 

R o l l  180°, p i t c h  up f o r  IMU rea l ignment ,  i n e r t i a l  a t t i t u d e  
hold 

Begin IMU real ignment  

Lose Canberra s i g n a l  

Lose Goldstone s i g n a l  

Maneuver t o  l u n a r  observa t ion  a t t i t u d e ,  l o c a l  a t t i t u d e  hold  

E n t e r  sun1 ig h t  

R o l l  180°, c o n t i n u e  lunar  o b s e r v a t i o n ,  l o c a l  a t t i t u d e  hold  

Acquire Canberra s i g n a l  

Acquire Goldstone s i g n a l  

0 and c o n t i n u e  o r b i t a l  n a v i g a t i o n  



Mission T i m e  
H r  :Min : Sec 

87 :53 :00 

88:13:05 

88: 47 : 25 

88: 47 : 53 

88:50:00 

88: 59: 1 2  

89 : 04: 02 

Event 

Terminate l o c a l  a t t i t u d e  h o l d ,  s t a r t  i n e r t i a l  a t t i t u d e  hold  

Enter  l u n a r  umbra, begin IMU realignment 

Lose Canberra s i g n a l  

Lose Goldstone s i g n a l  

Maneuver t o  TEI burn a t t i t u d e ,  i n e r t i a l  a t t i t u d e  hold 

En te r  s u n l i g h t  

I n i t i a t e  T E I  burn 
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TABLE 11.- SCANNING TELESCOPE SIGHTING TARGETS 

Launch Date: December 21, 1968 

Landing S i t e :  11-P-2  

IYF!2 La t i t u  de 

F i r s t  c o n t r o l  po in t  landmark 4.200' S 

Second c o n t r o l  po in t  landmark 12.500' S 

Third c o n t r o l  po in t  landmark 8.500 's  

Pseudo l and ing  s i t e  landmark 2.570' N 

Longitude 

164.300' W 

151.500° E 

96 .OOOo E 

35.000° E 

A l t i t u d e  (meters)  

0.0 

0.0 

0.0 

-890.0 
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U N K A T D M  

* O S  

LOS - LOSS OF SIGNAL 
ix x.x x,x.x) - vtnicit ATTINM ~ L A T I V E  

U N K A T D M  

* O S  

*GIN M U  IEUIGHUENI 
15.6. 6 . V .  100.11 

Figure 1.- F i r s t  revolu t ion  major events  and a t t i t u d e s .  
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MISSON I Y I  
7l :PII  

Figure 2 .- Second r evo lu t ion  major events  and a t t i t u d e s .  



Figure 3.- Third revolu t ion  major events  and a t t i t u d e s .  
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I - Ib  0 .  0 0. 110 01 

Figure 4.- Fourth revolu t ion  major events  and at t i tudt :s  
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iX  X . X  X . X  X I  - VfHICLI 411lTuDt RfL4lIVI 
10 1Ht LOCAL liORIZONl4L ORltNlAllON 

Figure 5 .- Mode 111-type landmark s igh t ing  a t t i t u d e  sequence. 
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I 
BIGIN WU I € A t I G W € N I  
14.5. 0.0. IM.OI 

NOll &O< - ACOUISIlION OF SIGNAL 1 

Figure 6.- F i f t h  revolu t ion  major events  and a t t i t u d e s .  
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MISSION 1Yl 
7..Y... 

lElUIN4lf PIlCH AlL. R O L L  180 DIG 

~$i{i4~~~i7%! wo to 

BIGIN LHU Rf4LIG1.YIINl 

tos - toss OF sIGN4L 

10.8, 0.0. 180.01 

Figure 7.-  S ix th  revolu t ion  major events  and a t t i t u d e s .  
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MISSION IME 
8I:U:U 

Figure 8.- Seventh r evo lu t ion  major events  and a t t i t u d e s .  
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M4NEUVtl TO ORBl14L N4VIG4lK)N 
PnOTOGR4MY 4TllTUDf 
1-70.0, 0.0, 180.01 
LOCAL A!TITUM nolo 

MISSION TIME 

START ClGnlli REVOLUTION 
L A N M U K  SIGHIING 4l l lNDt  
LOCM U.0 0.0 4illNK,UOLD 0.01 

r n : n i s  

YOIN -0.1 K G ~ K  nrcn RAE ma 
MODI i111Wf LANM4RK SlGHlINGS 

Figure 9.- Eighth revolu t ion  major events and a t t i t u d e s .  
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0 '  

Figure 10.- N i n t h  revolu t ion  major even t s  and a t t i t u d e s .  

I ____ 
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UGIN W U k U I C w l N l  
I-w.0, 0.0. 1m.w 

Figure 11.- Tenth revolu t ion  major events  and a t t i t u d e s .  
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